It was only 100 years ago that James Wright reported that his modification of the Romanowsky stain could unequivocally identify platelets on a peripheral blood smear (1) . Applying his new stain and careful observations to bone marrow specimens, in 1910 Wright proposed that "the blood platelets are detached portions or fragments of the cytoplasm of the megakaryocytes, which are in such relation to the blood channels in the marrow that detached portions of their cytoplasm are quickly carried by the blood current into the circulation. The breaking up of the cytoplasm into the platelets occurs only in cells which have reached a certain stage of growth and development, and is probably rapidly completed when once begun. It takes place in various ways but usually by the pinching off of small rounded projections or pseudopods from the cell body or from larger pseudopods, or by the segmentation of slender pseudopods, or by the pinching off of longer or shorter pseudopods which may or may not undergo segmentation later" (2) . Data accumulated over the past 10 years strongly suggest that platelets emerge from the tips of "proplatelets," the long cytoplasmic extensions generated by large, mature, polyploid megakaryocytes (Figure 1 ). Proplatelet extensions are produced by anti-parallel microtubule sliding powered by dynein motors, and repeated branching increases the number of platelet-releasing ends (3). Platelet granules and organelles are manufactured in the megakaryocyte cell body, transported down the extensions by kinesin motors, and then packaged into budding platelets (3) . The proplatelet ends uniquely contain a marginal microtubule coil similar to that seen in mature platelets, supporting the idea that platelets are released from proplatelet tips and helping explain the biologi-cal utility of extensive proplatelet branching. Recent data suggest that individual platelets may retain the ability to "divide" in circulation through mechanisms similar to those involved in proplatelet formation (4).
Thrombocytopenia and thrombopoietin
Acquired thrombocytopenia develops secondary to inadequate platelet production in the setting of primary or secondary marrow disorders, as well as secondary to platelet sequestration in the spleen and to destruction in the periphery. The latter is typically a result of autoimmune or druginduced immune-mediated processes. Two of the more common clinical settings requiring platelet transfusion therapy include patients with hematologic disorders receiving high-dose chemotherapy or undergoing bone marrow transplantation, and patients with severe liver disease. While splenomegaly contributes to thrombocytopenia in the setting of severe liver disease, inadequate thrombopoietin (TPO) production by the failing liver also contributes significantly.
The 1994 cloning of human TPO (5-7), the primary cytokine required for normal numbers of bone marrow megakaryocytes and circulating platelets, engendered great excitement for the treatment of thrombocytopenia. Two products underwent clinical trials, a full-length recombinant molecule administered intravenously and a pegylated, amino-terminal fragment administered subcutaneously (8) . These molecules successfully minimized the extent and duration of thrombocytopenia during chemotherapy for non-hematologic malignancies, including high-dose platinum-based treatment for gynecologic tumors, where the treatment reduced the need for platelet transfusions from 77% of patients to 24% (9) . However, neither agent meaningfully attenuated the extent or duration of thrombocytopenia when given to patients either receiving high-dose chemotherapy for leukemia or undergoing bone marrow transplantation. Interestingly, TPO treatment of donor mice prior to stem cell collection accelerated platelet reconstitution (10) , and TPO stimulation of stem cell donors reduced platelet transfusion requirements in a human trial (11) , suggesting that treatment of the cellular transplant product, as opposed to the transplant recipient, could have clinical value.
A single dose of TPO administered to platelet donors was shown to double the platelet count 14 days after injection and increase apheresis platelet yield by nearly 3-fold (12), a promising finding for improving platelet availability to treat thrombocytopenia. However, excitement for TPO abruptly diminished when 4 clinical trial patients and 13 of 334 healthy subjects in a large safety trial developed antibodies against the administered TPO therapeutic that cross-reacted with native TPO, producing profound and prolonged thrombocytopenia (8) . While this complication developed only in patients receiving the subcutaneously administered pegylated, amino-terminal TPO fragment formulation, clinical development was halted for both products.
IL-11 is the only FDA-approved agent to treat thrombocytopenia. However, it does not alter platelet transfusion needs in the setting of high-dose chemotherapy and autologous bone marrow transplantation (13) , and its narrow therapeutic window and side-effect profile limit its use. New TPO mimetics (14) , some FDA approved to treat immune thrombocytopenic purpura, have rekindled hope that imaginative use of TPO receptor agonists will provide meaningful new approaches to treat a broad range of thrombocytopenic conditions, but this remains to be proven.
Beyond biomolecules, others have focused on developing novel cellular therapies for thrombocytopenia. New methods to generate megakaryocytes (15) and platelets (16) from human embryonic stem cells raise the possibility of a potentially endless platelet supply, but this approach has tremendous technical and safety hurdles before it could reach the clinic. More realistically, TPO is being explored ex vivo as a way to expand megakaryocyte progenitors in cord blood samples to hasten time to platelet independence (17). (19) have demonstrated that infused mature megakaryocytes release platelets into the circulation, thereby increasing circulating platelet counts, and that these platelets contribute to hemostasis at the site of vascular injury.
Expanding demand for platelets
The latest published report of blood product usage in the United States provides data only through 2001 (18) . More current annual data from the state of California show that platelet usage has increased every year from 2000 through 2009, increasing roughly 70% over this time period without any sign of leveling off (K.
, which is certain to tax platelet supplies. It is therefore imperative that we seek novel treatments for thrombocytopenia, especially therapyrelated thrombocytopenia, a major setting for prophylactic platelet transfusions and platelet refractoriness - which brings us to the report by Fuentes and colleagues in this issue of the JCI (19) . Given that megakaryocytes have been found in the pulmonary vasculature, where some suggest that they release platelets (20) , Fuentes et al. tested the hypothesis that infused murine megakaryocytes could yield quantitatively useful and biologically functional platelets in mouse recipients (19) .
Transfused megakaryocytes yield functioning circulating platelets
Fuentes and colleagues used megakaryocytes derived from mouse fetal liver (19) . In brief, harvested cells were cultured to expand and mature megakaryocyte lineage cells, a TPO-dependent process in which most cells in the dish express the megakaryocyte marker CD41 by the end of the culture period. Gravity sedimentation separation yielded two populations of cells: (a) larger, high-ploidy megakaryocytes and (b) smaller, low-ploidy cells. Intravenous transfusions were performed using mice that allowed for easy distinction between donor and recipient platelets based on antigenic differences in the platelet integrin aIIb.
Each cell fraction was transfused independently, and mouse platelets were transfused as positive controls (19) . Platelets yielded a peak platelet count 5 minutes after infusion, with a half-life of 36 hours, compared with a peak platelet count at 90 minutes and a 20-hour half-life for infused large megakaryocytes. Infused small cells, which contained a high number of cell-free proplatelets, yielded a peak platelet count at 5 minutes, similar to infused platelets, but with a circulating half-life of only 2 hours. Similar results were obtained using marrow-derived megakaryocytes. These findings suggest that platelet release occurs predominantly from large, mature megakaryocytes, as postulated by Wright in 1910 (2) . To simulate a myelosuppressed state, infusions were performed 7 days after highdose radiation, with platelet counts roughly 10%-20% of normal (19) . Infusion of the large megakaryocyte cell fraction markedly increased the platelet count above controls, and the effect lasted more than 24 hours, closely mirroring platelet transfusions.
Two in vivo assays were used by Fuentes et al. to characterize the hemostatic function of the megakaryocyte-derived platelets (19) . Using a laser injury model to visualize in situ clot formation, infused platelets and platelets derived from infused large megakaryocytes were shown to incorporate similarly into developing hemostatic platelet plugs. The megakaryocyte-derived platelets also functioned similarly to infused platelets in a FeCl 3 carotid artery injury model that measures time to vascular occlusion, further indicating that they have hemostatic activity. In a provocative experiment, Fuentes and colleagues demonstrated that platelets shed from infused urokinase-expressing megakaryocytes delivered bioactive urokinase to a developing platelet plug, raising the possibility that infused megakaryocytes could be used to deliver desirable biological molecules to sites of vascular injury.
To understand where platelets are released following megakaryocyte infusion, mice were sacrificed at various time points following infusion of BrdU-labeled megakaryocytes (19) . Nearly all BrdU + cells were found in the lungs, with very few in the spleen and none detected in the liver, heart, brain, or bone marrow. While suggestive, this finding does not prove that the lung is the site of platelet release, nor does it help us understand the role of the pulmonary vasculature in the normal physiology of platelet release. Is there something unique about pulmonary vasculature that makes it an ideal site for platelet release, or is it simply that the pulmonary capillary bed provides the first narrow passageway that cannot be traversed by infused large megakaryocytes? Comparing platelet count recovery following intravenous and intra-arterial megakaryocyte infusion will be informative.
Future directions
In this issue of the JCI, Fuentes and colleagues provide preliminary proof of principle for a new approach to treat thrombocytopenia (19) , but now the hard work begins. They calculate that it will take roughly 10 9 large megakaryocytes to achieve a 10% rise in platelet count in an average 70-kg patient (19) . They also estimate an average of 100-200 platelets released per infused megakaryocyte, so 10 9 megakaryocytes would yield 1 × 10 11 to 2 × 10 11 platelets. To put this into perspective, platelet apheresis units, by definition, contain 3 × 10 11 to 6 × 10 11 platelets; so 10 9 megakaryocytes might be a low estimate for the numbers needed in the clinical arena.
Although Fuentes et al. showed efficacy for bone marrow- and fetal liver-derived megakaryocytes, most of their data came from fetal liver cell preparations (19) . The first order of business is to demonstrate that human megakaryocytes yield similar results. Once this is confirmed, what cell source should be used to apply this clinically? Should it be a human cell line, one that is genetically modified to enhance the efficiency of developing large megakaryocytes? Could one use cord blood cell units that contain inadequate cell numbers even for double cord transplants, of which there are many available in storage? In addition, issues of efficacy across HLA barriers and utility in patients who are refractory to standard platelet transfusions, as well as many others, need to be resolved. Moreover, safety, including a possible concern for transfusion-associated lung injury, will have to be addressed. However, the report by Fuentes et al. (19) pushes open an important therapeutic door by validating a potential new cell-based treatment for thrombocytopenia.
New therapy to revert dysfunctional antibody responses during HIV-1 infection
Francesca Chiodi Thus, the identification of immunological biomarkers that reflect pathogenic events occurring during HIV-1 infection and that are predictive of progression to AIDS is an important research goal. Progression to AIDS is associated with increased susceptibility to opportunistic infections as a result of both impaired cellular immune responses and dysfunctional humoral responses. In this regard, loss of memory B cells has been shown to lead to impaired HIV-specific and non-HIV-specific humoral immune responses (2) . Understanding more clearly the mechanisms underlying B cell depletion during HIV-1 infection and the role of B cell defects in disease pathogenesis and progression could prove informative for developing approaches to improve humoral immunity in patients infected with HIV-1.
Depletion of memory B cells during SIV infection
In this issue of the JCI, Titanji and colleagues present new results on depletion of activated memory B (mB Act ) cells during the early phases of SIV infection in rhesus macaques rapidly progressing to AIDS (3). In their study, depletion of this B cell subset was found to be associated with failure to produce SIV-specific antibodies. Alteration in B cell phenotype and in the percentages of different B cell subsets has also been described during acute and chronic phases of HIV-1 infection, with depletion of memory B cells (4) (5) (6) . Accordingly, it is likely that the impaired capacity to mount an efficient neutralizing antibody response to HIV-1 may be directly correlated to the damage occurring to B cells devoted to antibody production.
SIV infection in macaques defined as rapid progressors not only affected SIVspecific memory B cells, but randomly eradicated memory B cells specific for other previously encountered antigens.
